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I. INTRODUCTION 


Our knowledge of the physical and chemical characteristics of the virus of 
poliomyelitis is attended by a considerable degree of uncertainty and con- 
tradiction, despite the great amount of work that has been done to describe these 
characteristics with precision. Ultrafiltration studies have indicated that the 
viruses of the poliomyelitis group have a size between 8 and 17 my (1, 2). Several 
workers in the field of electron microscopy have described what they believe to 
be the virus of poliomyelitis, but, in our opinion, there is no convincing evidence 
to date that the virus has been identified on electron micrographs. It is the 
purpose of this paper to present evidence to show why there is reasonable doubt 
that the virus of poliomyelitis has been identified by electron microscopy. 

Gard (3, 4) has worked extensively with the viruses of mouse encephalo- 
myelitis (Theiler’s virus) and human poliomyelitis, and has reported certain 
physical characteristics based upon ultracentrifugation and electron micros- 
copy.*** His starting materials and purification procedures varied greatly during 
his experiments, but his general conclusions were that the viruses of the polio- 
myelitis group are rod-shaped, with a size 15 X 115 my. His published electron 
micrographs are difficult to interpret, particularly since rods similar to those 
seen in infective material were also present in preparations from noninfective 
sources. Also, Gard states that numerous round bodies were seen in earlier stages 
of purification in preparations from both infective and noninfective material. 
Furthermore, Gard reported evidence for aggregation of what were assumed to be 
the basic sized virus particles. 

There are several additional sources of uncertainty in the work of Gard which 
make it difficult to evaluate his electron microscopy. Gard states that some of his 
purified preparations had been stored in the laboratory for over a year before 


*Division of Laboratories, Michigan Department of Health, Lansing, 4. 

**Department of Physics, University of Michigan, Ann Arbor. 

***T he following facts concerning the material shown in Gard’s micrographs should be 
carefully considered in any attempt to interpret them. He states in his paper (3, p. 41) 
that ‘‘The material was not sufficiently large to permit analysis of each preparation sepa- 
rately, so two pools were prepared, one (I) of murine specimens (1, 4a and 4c), the other (II) 
of human specimens (2, 3a, 3b, and 3c).’’ The separate speciments in each of the two cate- 
gories were greatly different in their histories, purities, infectivities and sources. The size 
distribution curves range from lengths of 100 to 500 u, with all lengths over 500 mz arbitrarily 
excluded from the analysis. Further, a correction was apparently made for what Gard 
believed to be signs of stretching of the fibers; otherwise the histograms shown in his paper 
clearly indicate that the mean length of the particles is about double that reported. 
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examination in the electron microscope. Some of the highly purified preparations 
were not tested for infectivity and most of those known to be infective were also 
known to contain impurities. All of the specimens he observed in the electron 
microscope were suspended in distilled water, a procedure which we have found 
to cause agglomeration of particles. 

Melnick (5) repeated some of Gard’s purification methods, and observed rod- 
shaped particles similar to those reported by Gard, in material prepared from 
stools of normal and poliomyelitic humans. Melnick noted, however, that in the 
preparations observed in the electron microscope there were numerous round 
bodies in addition to the rod-like forms. 

Both Gard’s and Melnick’s pictures exhibit the poor contrast characteristic 
of non-shadow-cast preparations of small particles of biological material. Any 
attempt at a strict interpretation of their micrographs is, therefore, difficult. 

The development of the shadow-casting technique by Williams and Wyckoff 
(6) hag made possible an enhanced precision in the observation of small biological 
particles, owing to an enormous increase in contrast and to a greater elucidation 
of three dimensional structure. Loring, Marton and Schwerdt (7) were the first 
to report the use of the new technique in the study of material from poliomyelitic 
sources. They observed that in their electron micrographs of preparations 
purified by differential centrifugation from tissues of cotton rats infected with 
the Lansing strain, there were several fields containing nearly spherical particles 
of moderately varying sizes, but averaging 25 my in diameter. Loring and his 
associates (7, 8) conclude that the micrographs exhibit the presence of almost 
pure poliomyelitis virus from the following considerations: (a) the differentially 
centrifuged preparations were essentially mono-disperse when subsequently 
examined in an analytical rotor; (b) the concentrated suspensions had a high 
infectivity titer; (c) normal material when treated the same way yielded 5-20 
per cent of the total nitrogen contained in the infective material after puri- 
fication. They did not, however, (in contrast with Gard and Melnick) examine 
their similarly treated normal material in the electron microscope, nor did they 
examine it in the analytical ultracentrifuge. Beard, in a recent paper, (9) has 
questioned the soundness of the conclusions of Loring, Marton and Schwerdt 
concerning the degree of purity of their preparations. 

Gollan and Marvin (10) have reported on the electron microscopy of material 
purified by aleohol precipitation from CNS tissue of mice infected with the MM 
strain of poliomyelitis virus. They state that micrographs of such material exhibit 
particles ranging from 10 my to 20 mz in diameter. However, they advance no 
opinion as to the degree of relationship between the particles photographed and 
the MM strain of virus, and they report no comparisons with uninfected material. 

We have presented a preliminary report of our attempts to identify the virus 
of the Lansing strain of poliomyelitis from mouse material (11). The present 
report describes this work in detail, together with the results of more recent 
work on cotton rat material, undertaken in order to ascertain whether micro- 
graphs of the purified preparations vary with the species of animal from which 
the tissue is taken and with different purification procedures. 
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Il, EXPERIMENTAL 


During the past three years we have examined by electron microscopy sus- 
pensions of material obtained by differential centrifugation from tissues of the 
central nervous system of mice and cotton rats. Wholly comparable material 
from both normal! (noninfected) and poliomyelitic animals has been subjected to 
the same treatments and examined at the same time throughout this work. 
The suspensions were derived from 22 independent sets of source material of both 
normal and infected tissue which were carried through the purification pro- 
cedures, were tested for biological activity, and were examined in the electron 
microscope. 

In the preparative work with tissues from mice the following procedure was 
routinely used: The mouse adapted Lansing strain of poliomyelitis virus was used. 
White Swiss mice about two weeks old were inoculated intracranially with 
0.03 ml of a 10 per cent suspension of infected spinal cord and medulla tissue. 
Those mice which showed unmistakable signs of paralysis in at least two legs, 
within six days after inoculation, were sacrificed for stock virus material. 

The spinal cords and medullae of the sacrificed mice were removed under 
aseptic conditions and stored in a freezer at either —55 to —60 C, or at —30 C. 
From portions of the frozen stock material, thawed just before use, 10 per cent 
suspensions of the tissue were prepared. Some of the suspensions were prepared 
by grinding with sterile alundum in a mortar with pestle, and others by frag- 
menting with a Waring Blendor. Buffered saline solution*, pH 7.4, was used as 
the suspending medium in all cases. 

The crude 10 per cent suspension was cleared of gross particles by centrifuging 
in a horizontal carrier at: approximately 800 g for 25 minutes. The supernatant 
suspension was further clarified by centrifugation at ca 29,000 g for 15 minutes. 
The sedimented material was then discarded, and the clear supernate used for 
further purification. It was established that there was no observable loss of titer 
accompanying this clarification procedure. 

To obtain sedimentation of the virus, the clarified suspension was centrifuged 
in a Masket type rotor for three hours at ca 120,000 g. The supernate (which 
had been shown to contain less than 1 per cent of the total virus activity of the 
original suspension) was pipetted or poured off and the tubes drained. The 
sedimented material was resuspended in, and the tubes rinsed with, successive 
portions of saline solution by mixing with a pipette. These suspensions and 
washings were pooled in a 100 ml Pyrex centrifuge bottle and the volume ad- 
justed to that of the original 10 per cent suspension. This suspension was mixed 
by vigorous mechanical shaking for 15-20 minutes. In two instances powdered 
alundum was used as an aid in dispersing the material during shaking, but in all 
other cases no material of this kind was used. After the shaking the undispersed 
matter was removed by centrifuging in an angle head at ca 3200 g for 15 minutes. 
This cycle of differential centrifugation (pelleting of the virus, resuspension and 


* Physiological saline contained 0.15M sodium chloride plus 0.02M sodium phosphate 
at pH 7.4. 
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clearing) was repeated two or three times as desired. After each treatment the 
volume of the suspension was adjusted to correspond to the original 10 per cent 
tissue suspension. Titrations of all fractions separated in this procedure estab- 
lished that there was no significant loss of virus activity during two cycles of 
centrifugation (16). Losses were usually large during subsequent centrif- 
ugation treatments. 

In one instance the pellet after the second sedimentation was resuspended in 
distilled water. Much material was separated during clarification of this sus- 
pension and only little virus activity was retained in the water suspension. 

Suspensions used for electron microscope examination were in some instances 
subjected to further clarifying procedures in an effort to obtain a suspension of 
particles of uniform size. These treatments involved longer periods of centri- 
fugation at low speed and/or short periods of centrifugation at high speeds (the 
latter corresponding to the procedure of Loring and Schwerdt (8, 12)). Since 
none of these processes produced any marked change in the electron-microscopic 
appearance of the suspensions the details are not given, but some specific ex- 
amples are stated in the legends of the figures. 

An attempt was made to demonstrate a specific effect, possibly observable in 
the electron microscope, by treating suspensions of mouse virus, purified by the 
above procedure, with antiserum of known titer against the Lansing strain of 
virus. The neutralization test was carried out by using varying amounts of serum 
and a constant (1 per cent) dilution of the virus suspension. The end point of the 
neutralization test is the calculated dilution of serum which allowed 50 per cent 
survival of the infected mice. Duplicate portions of the serum virus mixtures 
were examined in the electron microscope for evidence of agglutination or other 
changes in a specific component of the mixtures. 

During the work on the cotton rat tissue, three attempts were made to repeat 
the purification procedure reported by Loring and Schwerdt (8, 12). This technique 
was revised for a fourth experiment to include a further unpublished modi- 
fication in the above procedure (13). This change was the replacement of clari- 
fication of the redispersed pellet suspension at 67,000 g for 5 minutes by clari- 
fication at 2700 g for 20 minutes. A variation between the procedures published 
and modified (8, 12, 13) was that our tissues were stored at approximately —30 
C in mechanical freezers instead of at —35 to —60 C ina dry-ice chest as reported 
by Loring and Schwerdt. 

Samples of all suspensions examined in the electron microscope were checked 
for virus activity by determining the minimum infective dose as the 50 per cent 
endpoint calculated by the method of Reed and Muench (14). For these titra- 
tions ten serial dilutions were inoculated into groups of six mice or five cotton rats 
and the animals observed daily for 21 days. The LDw is routinely expressed as the 
percent concentration of the original tissue. This has the advantage of being 
independent of some arbitrarily chosen reference such as “virus nitrogen” and 
allows direct comparison of the titers of all fractions without reference to their 

chemical composition. An LDs: of the order of 0.05 per cent tissue concentration 
(1:2000 dilution) represents a typical satisfactory titer in our experience. 
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It was established that the material prepared from tissues of normal animals 
was free from active Theiler’s mouse encephalomyelitis virus and other in- 
fective agents. This was done by intracranial injection of 10 per cent tissue 
suspensions in groups of mice and cotton rats and observing them for not less 
than 20 days. 

Some of the purified suspensions were analyzed for total nitrogen by a micro- 
Kjeldahl method (15). On the basis of the N content of the suspensions, the 
expressions of some of the titers were converted to grams of nitrogen to facilitate 
comparison with data in the literature. 

For the electron microscope examinations serial dilutions of the purified sus- 
pensions were prepared in saline, except for one instance when distilled water 
was used. A drop of the suspension from a capillary pipette was allowed to dry 
on the collodion covered microscope specimen screen. The salts remaining after 
drying were removed by flooding the screen with a large drop of water which was 
removed after a few seconds with a capillary pipette. After the screens were 
again dried they were treated by the shadow-casting technique (6). In most 
instances gold was used as the deposited metal at a calculated thickness of 8A. 
Uranium was used in the preparation of some of the screens, including all those 
made from cotton rat material. The metal was deposited at a 7:1 angle in our 
early work, but subsequently a 5:1 angle has become routine. 

Several screens and many fields on each screen were examined for each sus- 
pension photographed. Micrographs which were judged to be typical of the many 
fields examined were taken at direct magnification of about 10,000. In the 
examination of the material from the suspensions of normal material, fields were 
photographed which were typical of the suspension, as well as fields which were 
most similar in appearance to the corresponding preparations from the infected 
tissue. Usually the same field fulfilled both criteria. 

In all this work every effort was made to have the conditions uniform through- 
out any series of experiments. The total elapsed time during any purification 
procedure was kept at a minimum and never exceeded 60 hours. All suspensions 
were kept cold except when actually being handled, and exposure to room tem- 
perature was kept as brief as possible. Portions of the purified suspensions were 
prepared for the electron microscope examination at the same time that duplicate 
portions were being used for the titrations. Aseptic technique was used at all 
times except in the preparation of the microscope screens. 


III, RESULTS 
A. Electron Micrography 


From a total of 235 micrographs we have chosen those shown in figures 1-10 
as typical of the mouse material, and those shown in figures 11-14 as typical of 
the cotton rat material. Figure 1 shows a quite uniform dispersion of round, 
probably spherical, particles with an average diameter of 25-30 mu. The purified 
suspension from which this screen was prepared had an LD,» of 0.31 per cent. 
In addition to the dispersion of spherical particles this micrograph shows in the 
upper left hand corner small objects later found to be due to some material 
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leached out of the walls of lime glass bottles. These particles are not seen in 
pictures taken following the use of saline solution prepared in Pyrex flasks. 

Figure 2 is another picture of the same suspension. The particles here seem to 
be more irregular in shape than those shown in figure 1, but this may be due to 
their greater dispersion over the screen used in the microscope. (These two 
figures illustrate the great variation that can be encountered in examining two 
specimens from the same suspension). 

Figure 3 is of a preparation from a highly infectious suspension (LD»=0.013 
per cent), shadow cast with about 6A of uranium, and displaying a dispersion of 
very small particles, along with larger flat masses. The round, probably spherical, 
particles have a diameter of 6-10 my. Such small particles probably would not be 
distinguishable without the aid of shadow-casting. 

Figure 4 shows a dispersion of isolated particles of approximately 15 my 
diameter. Although there was high infectivity in the partially purified stock 
suspension, the further clarified suspension illustrated here had lost its virus 
activity. There is no way of determining whether the objects seen are inactivated 
virus particles or are wholly unrelated to the virus. 

Figure 5 illustrates an aggregation of particles from poliomyelitic suspensions 
which, when first observed we considered to be characteristic of the virus inas- 
much as we failed for a period of months to find these aggregates in suspensions 
from normal tissues. The aggregates were later found, however, in non-infective 
suspensions from poliomyelitic tissue and in some control suspensions. Figure 
6 (from inactivated material) is representative of those suspensions in which 
both aggregated and isolated particles are found to exist together. 

Figure 7 illustrates the type of particles commonly found in the suspensions 
from normal tissues and exhibits a dispersion of isolated particles of varying size, 
including all sizes found in the active and inactivated poliomyelitic suspensions. 
Figure 8, also of control material, shows sharply outlined aggregates similar in 
appearance to those shown in figure 5. 

Figure 9 is an example of a preparation obtained when the purified suspensions 
were diluted in distilled water in the preparation of the screens for the micro- 
scopic examination. Without the aid of shadow-casting such linear aggregates 
might easily be described as rod-like forms. 

Figures 11-14 are typical of the preparations we obtained when cotton rat 
tissue was purified according to the procedures of Loring and Schwerdt (8, 
12, 13). Figure 11 is of material obtained from poliomyelitic cotton rat tissue 
after the second cycle of centrifugation. The preparation is obviously far from 
homogeneous. The picture is characterized chiefly by the presence of large 
aggregates of material, and some separate particles which seem to be spherical. 
The particles are most clearly seen on top of the plate-like formations, but can 
also be distinguished in the areas between the larger formations. 

Figure 12 is a typical preparation of material obtained from normal cotton rat 
tissue after treatment identical to that given to the material shown in figure 11. 
The aggregates and isolated particles are quite similar in appearance to those of 
figure 11. 

Figures 13 and 14 are micrographs of material obtained from infected and 
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Figure J. Active Preparation rrom Inrecrep Mouse Marertan 
Prepared by two cycles of centrifugation including clarification at 67,000 g for 14 hour after 
ach sedimentation and redispersion. The scale shown on this and the following figures indi- 
ates Ip 


Ficure 2. Same Marerian as IN Figure 1, rrom ANOTHER SpEcIMEN SCREEN. 
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Figure 3. Active Preparation rrom InrecreED Mouse MatTeriau 
Prepared by one evcle of centrifugation. 


Figure 4. Inactivatep PREPARATION FROM INFECTED Mousse Tissur 
Prepared by three evles of centrifugation plus additional clarification at 120,000 g for 
10 minutes. 
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Fieure 5. AcTivE PREPARATION FROM INFECTED Mouse TissuB 
Prepared by two cycles of centrifugation plus additional clarification runs, at 29,000 g 
for } hour followed by 67,000 g for 3 hour. 


Figure 6, [nactivaTep PREPARATION FROM INFECTED Mouse Tissue 
Prepared by two eyeles of centrifugation followed by an additional clarification at 
120,000 g for 10 minutes. 
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Figure 7. PrepaRaTion rrom Normat Mouse Tissup 
Prepared by the same procedure as material for figure 6. 


Figure 8. PREPARATION FROM NoRMAL MovseE TIssvuE 
Prepared by three cycles of centrifugation and clarified at 29,000 g after third eycle. 
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Ficure 9. Preparation with Low Virus Activity rrom Inrecrep Mouse Tissun 
Distilled water was used as diluent after second sedimentation. Specimen diluted in dis- 
tilled water to prepare mount for electron microscope. 


Figure 10. Preparation rrom Normat Movse Tissue 
Prepared by one cyele of centrifugation. 
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Figure 11. Preparation rrom Inrectep Corton Rar Tissvs 
No virus activity in mice. Prepared by two cycles of centrifugation according to pro- 
cedure published by Loring and Schwerdt. 


Figure 12. Preparation rrom Norman Corton Rat Tissue, TREATED IN SAME MANNER 
as Mareritan in Fieure 11. 
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Ficure 13. PREPARATION FROM INFECTED CoTTon Rat Tissug, witH Low Virus Activrrr, 
LDso0 = 0.28 PER CENT For Corron Rats 
Prepared by one cycle of centrifugation, same procedure as for figure 11. 


Figure 14. PREPARATION rROM NormMaL Cotton Rat Tissur 
Same procedure as figure 11. 
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normal cotton rats, respectively, after one cycle of centrifugation. The form of 
the aggregates is different from those of figures 11 and 12 and there are fewer 
isolated particles. In figure 14 the form of the aggregates is such that in an un- 
shadowed preparation they might appear as filaments or long rods. 

When particles shown in the micrographs are judged on the bases of uni- 
formity of size, uniqueness of shape, or specific occurrence, it is apparent that 
all the preparations we have obtained by differential centrifugation are far from 


TABLE 1 


Nitrogen Conteni of Suspensions from Normal and Poliomyelitic Cotton Rat Tissue at Various 
Stages in the Purification Procedure 


SOURCE 
INFECTIVITY 


STAGE OF PURIFICATION RUN NO. Normal | Infected LDso, g N 
mg/ml mg/ml 
Clarified 20 per cent tissue suspension | 4 1.027 1.088 1077-59 
Above, after ether extraction 4 0.871 0.789 | 
Frozen, stored (27 days), thawed, clarified 4 0.351 0.339 1977-49 
suspension 3 0.345 0.356 1077-45 
2 0.440 0.482 | 
1 0.408 0.528 
AVELSBO lace cc dnd ih ie need ee a | 0.386 0.426 
After first cycle purification 4 0.015 0.017 10-9 26 
3 0.010 0.010 1977-7? 
2 0.012 0.016 
al 0.015 | 0.017 
Average...... 0. 2.60. 00 Aah. ecaecgnss 0.013 0.014 
After second cycle purification 4 0.009 0.011 1078 28 
3 0.002 0.001 | ad 
2 * * 
1 * * 


; 


* Nitrogen content too low for determination in the sample available. 
** Endpoint not determined, above 2 per cent solution. 


homogeneous. In addition, we have been unable to associate high virus activity 
with any of the above criteria of purity or unique occurrence. 

The attempt to recognize by electron microscopy a reaction between the 
neutralizing serum and a specifie component of the purified virus suspension 
was without success. The 50 per cent endpoint of the convalescent serum was a 
1:500 dilution. However, there was no difference in the appearance in the micro- 
scope of the mixture of virus suspension and neutralizing serum and a mixture 
of virus suspension plus normal horse serum. 
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B. Nitrogen Yields 


The yields of nitrogen obtained from our purification of mouse material have 
been reported elsewhere (16). They are of the order of 0.4 mg nitrogen per gram 
of original tissue in one cycle preparations, 0.17 mg in second cycle preparations 
and 0.01 mg per gram in third cycle preparations. Our yields of nitrogen from the 
cotton rat tissue are summarized in table 1. In the first two runs the total yield 
of material was too low to allow determination. In the second cycle preparation 
of the third run the yield was 0.02 mg nitrogen per gram and 0.01 mg per 
gram from the normal and infected tissues, respectively. 


IV. DISCUSSION 


The results described and illustrated above emphasize a number of difficulties 
encountered in attempts to separate, and subsequently to identify by electron 
microscopy a characteristic particle having a specific biological activity. As 
shown in our micrographs a practically continuous range of sizes of particles is 
generally obtained by differential centrifugation from normal tissue of the central 
nervous system. It has yet to be demonstrated that differential centrifugation, 
at least as ordinarily practiced, is selective enough to allow complete separation 
of particles of closely limited ranges of size, as shown by electron microscopy. 

Our work confirms the observations of Gard and of Melnick that particles of 
similar appearance are obtained without exception from both normal and in- 
fected tissues by differential centrifugation, and confirms the report of Loring, 
Marton and Schwerdt that no rod shaped or filamentous forms are obtained from 
tissues infected with the Lansing strain of poliomyelitis virus. We have been 
unable to confirm by the evidence of electron microscopy the statements of 
Loring and Schwerdt that poliomyelitis virus of 80 to 95 per cent purity (that is, 
containing from 5 to 20 per cent of non-virus material) can be separated from the 
infectious tissue, and that the particles of uniform size in their preparations can 
be identified as poliomyelitis virus. Neither have we noted that a significantly 
greater yield of nitrogenous matter can be obtained from the infected tissue than 
from normal tissue. 

The amount of material obtained in the final purified preparations from normal 
and poliomyelitic tissues has always been reported to be very low. Gard reported 
(3) the average yield of material to be 0.6 micrograms per mouse brain. Loring 
and Schwerdt report (8) their average yield as 0.1 to 0.2 mg. of “virus nitrogen” 
per 100 grams of starting material. Our yields of total nitrogen have been much 
higher than this, (1-10 mg/100g) in preparations having high titers. 

Loring and Schwerdt have reported marked differences in the amount of 
nitrogenous material obtained from normal and infected tissues. In particular, 
they reported a marked precipitation of supposedly normal protein attendant 
upon freezing and thawing the ether-extracted, clarified suspensions of tissue. 
It is not apparent from their publications that normal and infected tissues were 
treated under identical conditions at the same time. We have observed the pre- 
cipitation of as much as 57 per cent of the total nitrogen attendant upon freezing 
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and thawing. However, we have noted no significant difference between the 
normal and infected tissues in this respect, when both were treated at the same 
time under the same conditions. As shown in table 1 the average yield of total 
nitrogen in our suspensions after freezing is less than 10 per cent greater in the 
infected than in the normal suspensions. 

The procedure for handling the cotton rat material in the fourth run resulted 
in a greater retention of nitrogenous material in the second cycle preparations 
(table 1). With this procedure the loss in titer was about 10-fold but total 
nitrogen decreased only about 15 per cent between the first and second cycle virus 
suspensions. 

There is one general difference in the technique used by Loring and Schwerdt 
and that used by us inasmuch as they apparently concentrated (by volume 
reduction) as well as purified all their preparations. We have attempted only to 
purify our preparations at a constant volume. Our first three attempts to use the 
purification procedure published by Loring and Schwerdt resulted in such great 
losses of virus activity that an endpoint could not be obtained after starting the 
titration with a 2 per cent solution of the material. Presumably, if we had been 
working with greater amounts of starting material, and had concentrated the 
suspensions as much as 150 times during the purification procedure, we might 
have experienced as great losses of material and still retained enough virus to 
yield a high titer based on the nitrogen content of the purified preparation. From 
the data of our fourth trial, for example, it is seen that relatively little puri- 
fication is obtained by repeated cycles of centrifugation. The ether extracted 
suspension of the infected tissue had an end-point titer of 10-’° g of nitrogen. 
After freezing, storing, thawing and clarifying the suspension had a, titer of 
10-79 ¢ nitrogen. These figures compare with titers of 10-*- and 10-7-° g nitrogen 
reported by Loring and Schwerdt for comparable preparations. After the first 
cycle of differential centrifugation the titer of our suspension rose to 10-%-% 
g of nitrogen and after the second cycle it fell to 10-**. This would indicate that 
repeated centrifugation removed both normal and virus protein in nearly the 
game ratio in which they exist in the suspension. 

It is difficult to interpret the data published by Loring and Schwerdt in 1942 
(12) because monkeys were used as the test animals, and it was not feasible to get 
a sharp titration of the virus activity of the suspensions. Also, a comparison of 
the yields of nitrogenous material from the normal and infected tissues is difficult 
because, as reported in their table III (12) for the case of the frozen (non- 
glycerolated) samples, the periods of storage and degree of purification of the 
normal and infected tissues were not the same in any instance. 

The later data of Loring and his associates (8) on the yield of nitrogenous 
material and virus activity in the preparations, as related to time of storage in 
the frozen state, show that such storage has little effect on the specific activity 
of the suspensions. As stated in their table I (8) the titer of a typical suspension 
before freezing was 10-** g¢ of nitrogen. After storage for four days in the frozen 
state there was a 25 per cent decrease in total soluble nitrogen and a titer of 
10-5-9 g, After storage of 45, 65 and 120 days the yields of soluble nitrogen were 
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55, 51, and 53 per cent, while the corresponding titers were 10-7*, 10-73, and 
10-7 g of nitrogen. 

No comparable data concerning N precipitation from normal tissue are given. 
If a significant change in titer of the suspension were to occur, and be due solely 
to the precipitation of normal protein from the virus suspension, one would 
expect the total nitrogen to decrease to nearly 10 per cent of the original value 
instead of only to 50 per cent. 

The most nearly pure preparations of poliomyelitis virus obtained by Loring 
and Schwerdt had LD» titers of approximately 10~° g nitrogen. It is interesting 
to calculate from these data the infective dose of this virus on the basis of number 
of particles involved. If we assume a sphere of an average diameter of 25 mu 
as reported by Loring, Marton and Schwerdt to represent the virus particles, the 
average volume of the particles would be 8.2 X 10-'8 ml. Using the average 
density of biological material (1.25 g/ml) the mass of each particle would be 
1 X 10-" g. From an average infective dose of 10° g of nitrogen (6 X 107° g 
protein) from the purified preparations we find that the dose would be equivalent 
to 6 X 10’ particles of the size assumed for the virus particle. This implies that 
either the virus is remarkably noninfectious or else it has been obtained at best 
in extremely impure form. Our electron micrographs would support the latter 
implication. 

From the work reported here and from a careful consideration of the data 
previously published by others, we must conclude that until photographs of 
particles of fairly uniform size are obtained from infected material, and particles 
of similar size and shape are not photographed from uninfected material treated 
identically throughout preparation, the identification by electron microscopy of 
the virus of poliomyelitis is still an open problem. 


Vv. SUMMARY 


Electron-microscopic study of purified preparations, derived from central 
nervous system tissue of mice and cotton rats by differential centrifugation, has 
shown that particles alike as to size and shape are obtained from both normal 
and poliomyelitic tissue. The total yield of nitrogenous material has been es- 
sentially the same from both normal and infected tissues. 

Characteristic particles separated from both normal and infected tissues are 
approximately spherical and in the size range from 6 to 30 mu in diameter. 
Aggregates of the particles are often obtained. 

No intact rods or long filaments have been detected in any of the preparations, 
but some of the aggregations could easily be mistaken for such forms in un- 
shadowed micrographs. 

From a critical examination of our work, and that of others, we conclude that 
there is no evidence that a virus of the poliomyelitis group has ever been un- 
equivocally identified on electron micrographs thus far published. 
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